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Abstract. This paper analyses a model in which both economic and ecological relationships as well
as all the interactions between the two are fully specified. It compares the short term and the long term
effects of shocks in environmental policies. It appears that short run effects may differ substantially
from long run effects, with respect to both levels and growth rates of various variables. Though in
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1. Introduction
The issue whether economic growth and environmental quality are two opposing
goals or that they can or even should go together is still under debate. Among
those who believe that growth and environmental care cannot go together we can
distinguish between people who stress the environmental problems and people
who stress the necessity of a sound economic development. Those among the first
group, the so-called growth-pessimists, argue that economic growth goes at the
cost of environmental quality. Those among the latter group, on the other hand,
argue the other way around, that environmental policy goes at the cost of economic
growth. The argumentation of the growth-pessimists is that a continuously growing
economy must eventually reach upon the limits of a deteriorating environmental
quality.
Those who believe that growth and environmental quality can go together, the
so-called growth-optimists, often not only believe that growth does not hurt the
environment, but even that a sound economic development is necessary to be able
to finance environmental policy. On the other hand there are also people among the
growth optimists who stress the importance of environmental quality, arguing that
the environment is a necessary prerequisite to sustain economic growth in the long
run.
2 MARJAN W. HOFKES
A major explanation for the difference in viewpoints between the pessimists
and the optimists is provided by the degree of confidence with respect to the devel-
opment of new technologies. Models that do take account of (endogenous) tech-
nological development generally generate more optimistic prognoses than models
that consider the economic process as a static one from the viewpoint of tech-
nology. There are, however, also other sources of confusion. Among contrasting
viewpoints like looking at cross-section evidence as opposed to time series data,
and considering different scales (regional, versus national, versus mondial), an
important source of confusion is the difference between time horizons considered.
The costs of environmental policies are especially apparent in the short term, since
resources, which could otherwise be allocated differently, are needed to finance the
environmental measures. The benefits, on the other hand, usually become apparent
only in the long run, as it takes time for the environment to regenerate and it takes
time for new technologies to be developed and implemented. Although one could
argue that one should use long term models to assess the effects of environmental
policy, as environmental degradation is a long term process, we are, of course, also
interested in the short and middle long term effects.
Often, in the political decision making process, the environment is not taken due
account of. However, if the objective of government decision making is to seek
maximum welfare, environmental quality, which is in fact a public consumption
good, should be considered as one of the objectives. In other words, a broad concept
of welfare, which does not only encompass traditional economic growth but also
immaterial values like the amenity value of the environment, should then be used in
the decision making process. Furthermore, in order to be able to assess the impact
of different policies on this broad concept of welfare, as well as in order to be
able to make a comprehensive analysis of the pros and cons of economic decisions
which involve the environment, a fully fledged economy-ecology integrated model
should be used to sustain the decision making process.
In this paper we will analyse both the short term and the long term effects of
shocks in a world where the government seeks to maximize welfare in a broad
sense. We will use a two-sector growth model, in which both economic and ecolo-
gical relationships as well as all the interactions between the two are fully specified.
The optimal growth rate is determined by maximizing a social welfare function in
which both economic and environmental values are represented. We will consider
two types of shocks. First, we will analyse the impacts of shocks in various para-
meters of the model in a first best world. We will consider shocks in preferences,
in the discount factor and in technology parameters. These shocks can be due to
for example changing attitudes with respect to the environment (as a consequence
of, for example, new information about the detrimental effects of the greenhouse
effect), or due to newly developed environmentally friendly production techniques
that become available. Secondly, we will analyse the effects of shocks in envi-
ronmental policies in a second best world, i.e. in a world where environmental
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externalities are not fully internalized, which results in the use of too much natural
resources or in too low abatement expenditures.
The environment enters the model in various ways. First of all the environment
plays a role in the production of the final good, both as a stock and as a flow vari-
able. In production on the one hand extractive use is made of the environment (e.g.
the use of fossil fuels, but also the polluting effects of carbon emissions resulting
from the use of fossil fuels, as the latter also ‘harvest’ the natural environment)
and on the other hand non-extractive use is made of the environment (think for
example of the effect of air quality on the health of employees and hence on labour
productivity). Furthermore, the environment, also being a consumption good, has
a direct impact on human well-being, and as such enters the welfare function. To
avoid that the model becomes too complicated the environment has been build into
the model in a highly aggregated way, i.e. only one 1-dimensional variable (E)
is used, although this yields a rather simplified representation of real world envi-
ronmental phenomena. This variable E reflects both the non-extractive, productive
services provided at the production side of the economy and the amenity value of
the environment at the consumer side of the economy. Furthermore, E represents
the stock variable from which the environmental resources used as (extractive)
inputs in the production process are drawn. In physical termsE can be thought of as
the amount of low entropy (see e.g. Georgescu-Roegen 1975). The extractive use of
environmental resources in production then represents entropic transformation, and
extractive use can refer both to the extraction of natural resources and to emissions
or the disposal of waste, as both these activities decrease the amount of low entropy.
Both forms of extractive use will be called pollution. Natural regeneration, i.e.
reproduction of low entropy takes place by solar energy inflow.
This paper is organized as follows. The next section discusses the model (see
also Hofkes 1996). The third section shows some numerical results, while the final
section concludes.
2. Model
Standard economic theory does not include the environment as a distinct factor.
Nevertheless, already in the seventies growth models which included natural
resources were analysed. Solow (1974) investigated under which conditions an
economy facing limited natural resources could grow forever (see also Stiglitz
1974). Georgescu-Roegen (1975) stressed the importance of the implications of
the laws of thermodynamics for economic theory. Today (environmental) econo-
mists acknowledge the relationship and mutual interactions between the ecological
system and the economic process. It is obvious that a continuously decreasing
quality and quantity of environmental resources cannot support growing or even
constant levels of physical economic output in the distant future. It is, however, a
fallacy to believe that society should focus on (quantitative, physical) growth for its
own sake. Modern societies are characterized by a growing share of non-physical
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products like services, information and knowledge in total production. Both non-
physical products and immaterial values like the quality of the environment itself
add to human well-being. Knowledge creation and technological development play
a crucial role in a (qualitatively) growing economy which sustains the ecological
system and which is in turn sustained by the ecological system. Any model that
aims at analysing the relation between economic growth and environmental quality
should take account of technological development.
The model we will use to analyse the effects of shocks is a two-sector dynamic
growth model in which the environment is fully integrated, though, admittedly, in a
highly aggregate and consequently abstract way (see also Hofkes 1996). The model
distinguishes a production-sector producing a final good, Y , and a knowledge or
learning sector producing knowledge, h, about an efficient or pollution-saving use
of environmental resources. The production technologies for the final good and for
knowledge are given by:
Y (KY ,ZY ,E),
respectively
H(KH,ZH ).
KY is the use of physical capital, K, in the production of Y , KH is the use of
physical capital in the production of h, ZY is the effective input of environmental
resources in the production of Y , given by h·QY , where QY is the raw input of
environmental resources, Q, in sector Y . Analogously, ZH is the effective input of
environmental resources in sector H , given by h·QH , where QH is the raw input
of environmental resources in sector H . Finally, E represents the aggregate stock
of natural capital. A high quality of the natural environment, E, will provide the
production process with productive (non-extractive) services (think for example
of the effect of air quality on the health of employees and hence on labour
productivity). So, the environment plays a role in the production of the final good
both as a stock variable (E) and as a flow variable (Q). Q can be thought of as
either environmental resources that directly harvest nature (e.g. the use of wood,
fish and fossil fuels) or environmental resources that ‘indirectly harvest’ the natural
environment by polluting it (e.g. the polluting effects of carbon emissions resulting
from the use of fossil fuels). Both forms of this extractive use of the natural
environment will be called (gross) pollution.
The final good can either be consumed (C), used for abatement (A) or invested
(K˙) in order to accumulate physical capital, which serves future consumption and
abatement. So, physical capital accumulation is given by the (usual) equation:
K˙ = Y (KY ,ZY ,E)− C − A. (1)
Growth of the stock of knowledge, h, is given by:
h˙ = H(KH,ZH ). (2)
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A dot represents a time derivative. The total stock of physical capital and the total
effective use of environmental resources is allocated between the final good sector
and the knowledge sector. Let u and v be the share of physical capital and the share
of (effective) environmental resources used in the final goods sector respectively,
and let (1−u) and (1−v) be the share of physical capital and the share of (effective)
environmental resources used in the knowledge sector respectively:
KY = u·K. (3)
ZY = v·h·Q. (4)
KH = (1 − u)·K. (5)
ZH = (1 − v)·h·Q. (6)
The use of environmental resources in production reduces the quality of the
natural environment. On the other hand the quality of the environment can be
improved by abatement activities (A). We distinguish between gross and net pollu-
tion. Net pollution P is a function of the amount of environmental resources Q
used in production (gross pollution) and the amount of abatement activities A. The
dynamic nature of the environment is captured in a regeneration function. The stock
of natural capital accumulates due to the (natural) regenerative or pollution assimi-
lating capacities, while it degenerates or depreciates due to the damaging effects of
pollution. The regenerative capacities of the natural environment are described by
the function N . N depends upon the quality of the natural environment itself and
upon the level of net pollution. So,
E˙ = N(E,P (Q,A)) (7)
It is assumed that the regenerative capacity of the natural environment decreases
with an increasing level of net pollution (NP < 0).1 The level of net pollution
increases with an increasing level of gross pollution (PQ > 0) while it decreases
with an increasing level of abatement (PA < 0). Furthermore, it is assumed that the
higher the quality of the natural environment the smaller the (negative) influence
of pollution on the regenerative capacity (NEP > 0). Finally, the higher the level
of (gross) pollution, the larger the effect of an extra unit of abatement (PQA < 0).
This means that reducing pollution gets increasingly difficult.
N is modelled as an inverted U-shape with respect to E. An example of a
renewable resource which can be characterized with such an inverted U-shape is
’fishery’ (see e.g. Tietenberg 1996). It is also analogous to the inverted U-shape
decay function often encountered in the literature on pollution accumulation (see
e.g. Cesar 1994). When the quality of the natural environment decreases below
a certain threshold or viable stock level (or the stock of pollution grows beyond
a certain threshold level) the degeneration process (or pollution accumulation
6 MARJAN W. HOFKES
process) becomes irreversible. On the other hand, for high values of E the regen-
erative capacities of the natural environment will also decrease as it becomes more
and more difficult to regenerate the whole stock of natural resources. For each level
of net pollution (below the threshold level) the stock of natural capital will stabilize
at a long-run equilibrium level. At this stable level the regenerative capacities are
such that the quality of the natural environment remains constant. This is ensured
by assuming NE(E,P (Q,A)) < 0 in a neighbourhood of this stable level.
Pollution is an inevitable by-product resulting from the production of the final
good. The model does, however, also comprise a knowledge-sector in which
cleaner production technologies are developed which reduce the amount of pollu-
tion (for a given level of final good production). Furthermore, the government can
decide to invest in abatement in order to reduce pollution. Abatement goes at the
cost of either final good consumption or physical capital accumulation.
Finally, the environment, also being a consumption good, has a direct impact
on human well-being, and as such enters the welfare function. Social welfare, W ,
is assumed to be dependent upon the utility of a representative consumer, who is
supposed to be infinitely lived. Instantaneous individual utility, u, depends upon
individual consumption c (c = C/L, where C is aggregate consumption and L is
population which is assumed to be constant over time) and upon the quality of the
natural environment E. The rate of time preference is given by θ . So, we have:
W =
∫ ∞
0
e−θtu(c, E)dt
Table I summarizes the model. The model is a long-term model, as environ-
mental degradation typically is long term process. However, one should be aware of
the fact that short term effects may differ substantially from long term effects. Espe-
cially policy makers may be interested in the short term effects of environmental
policy.
Sustainable development is usually defined in terms of intergenerational equity,
i.e. as non-declining per capita well-being. Hartwick (1977) showed that in order
to have a stream of constant level of consumption per capita, society should
(re-)invest all the rents from non-renewable resource use. Solow (1986) showed
that this so-called Hartwick savings-investment rule amounts to keeping the stock
of capital intact. In the literature on sustainable development a distinction is made
between weak and strong sustainability (see e.g. Pearce and Atkinson 1995).
Weak sustainability amounts to a non-decreasing total capital stock (i.e. the sum
of physical, human and natural capital) and is thus equivalent to the Hartwick-
Solow-rule. Strong sustainability, on the other hand, regards natural capital as
providing functions that cannot be substituted for by man-made capital. So, strong
sustainability amounts to a non-decreasing stock of natural capital. Growth models
are usually solved by looking at an (optimal) balanced growth solution. Under
a balanced growth solution all variables are constant or grow at a constant rate.
Such a solution can thus be associated with weak sustainability, as total capital
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Table I. Model equations*
Preferences: W =
∫ ∞
0
e−θt u(c, E)dt
Ecology: E˙ = N(E,P (Q,A))
Technology: Y(KY , ZY , E), with KY = u·K , ZY = v·h·Q,
H(KH , ZH ), with KH = (1 − u)·K , ZH = (1− v)·h·Q,
K˙ = Y(KY , ZY , E)− C − A,
h˙ = H(KH , ZH ).
* A dot represents a time derivative.
stock is at least being kept constant. In our model we distinguish between physical
capital, human capital (knowledge of cleaner production techniques) and natural
capital. In a balanced growth solution all types of capital will be kept intact, hence
economic development is even strongly sustainable on a balanced growth path.
It must be noted, however, that a fairly strong degree of substitutability between
physical and natural capital is assumed in the model. Finally, it must be noted that
on a balanced growth path, where net use of environmental resources is constant,
input of materials in production relatively decreases. So, according to the laws
of thermodynamics, it must be the case that the share of physical, i.e. material
production in total production also decreases, as it is not possible to produce an
ever increasing amount of physical output out of a constant amount of physical
input. In other words the resulting growth path of the economy must be interpreted
as one where non-physical products (such as information) take a growing share in
total production.
We find that under certain conditions with respect to production and substitution
elasticities, there exists a feasible and optimal sustainable balanced growth path. In
other words, under these conditions, there is an optimal growth path on which the
economy grows at a constant positive growth rate, keeping environmental quality
at a constant level. Growth in technology, or knowledge of how to use natural
resources efficiently, and abatement activities now compensate for the growing
use of natural resources in production, such that environmental quality remains
constant on the optimal growth path. In a first-best world the associated level of
environmental quality and economic growth in fact represent the optimal trade-
off between growth and environmental quality. After a shock, e.g. a change of
preferences, the outcome of this optimal trade-off will change. In the short run the
economy will adapt in order to revert to a new balanced growth path in the long
run. On this new balanced growth path environmental quality and economic growth
rates are again constant, in accordance with the new optimal trade-off.
Recently a lot of research has been done addressing the question whether the
relationship between environmental pressure and income per capita is consistent
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Table II. Variables
A: abatement Q: raw input of environmental resources in production
C: aggregate consumption u: share of physical capital used in final good sector
c: per capita consumption 1 − u: share of physical capital used in knowledge sector
E: environmental quality v: share of environmental resources used in final good sector
h: knowledge 1 − v: share of environmental resources used in knowledge sector
K : physical capital W : social welfare
N : regeneration function Y : final good
P : net pollution ZH : effective input of environmental resources in sector H
ZY : effective input of environmental resources in sector Y
with an inverted U-curve, also referred to as Environmental Kuznets Curve (EKC)
(see for example Ansuategi et al. 1998 for an overview). For some indicators such
an EKC relationship has indeed been established, meaning that beyond a certain
level of per capita income environmental pressure starts to decline with increasing
income. The rationale behind this could be that the environmental amenity is a
luxury good. In that case, the willingness to trade-off income for the environmental
amenity will be larger in a high income, technology upgraded economy than in a
low income, low technology economy. Furthermore, it might be the case that the
polluting effects of consumption decrease with income because of income related
changes in the structure of consumption and production. The EKC relation has,
however, so far only been settled for some specific indicators. Furthermore, the
associated studies are based upon cross section data for different countries and
they refer to levels of income and not to growth rates. Consequently, the results
established in these studies cannot be compared with the outcomes of our analysis.
Moreover, the analysis conducted in this paper amounts to analysing the effects of
shocks and environmental policies on the trade-off between growth rates and envi-
ronmental quality in a balanced growth perspective. In particular, the adjustment
paths from the old balanced growth paths to the new balanced growth paths are
analysed in this paper.
3. Short Term Versus Long Term Effects
This section provides a numerical example in order to gain some insight in the
mechanisms at work in the economy and to compare the long term and short
term effects of shocks in the model.2 We will consider the effects of shocks in
the economy in five cases. In the first three cases we have a first-best economy,
where a central planner maximizes social welfare and hence the economy is on
an optimal growth path. So, environmental policy is optimal. In such a first best
world a shock illustrates foremost the trade-off between environmental quality and
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economic growth. However, a shock in social preferences can also be interpreted
as a more ambitious environmental policy, with more environmental concern, and
as such also illustrates the effects of changing environmental policies. In the fourth
and fifth case we will look at a second best world, where environmental policies
are suboptimal. With respect to the welfare maximization problem this means that
welfare is still being maximized, but now under some restriction of suboptimal
environmental policies, i.e. a suboptimal level of pollution. This can be interpreted
as a decentralized market economy in which (negative) external effects resulting
from pollution are not fully internalized in the market prices. In this second best
case we will be able to analyse the effects of changing environmental policies, and
especially the consequences of such changing policies for the trade-off between
environmental quality and economic growth. We will pay special attention to
differences between short term and long term effects.
On an optimal balanced growth path the intertemporal allocation between
current and future consumption is optimal when the returns on an additional unit
of postponed consumption is equal to the marginal utility of current consumption.
Furthermore, on an optimal balanced growth path, the returns on the different
types of capital, including natural resources, should be equal to each other.
So, the returns on physical capital, natural resources and knowledge should be
the same. Returns on natural resources consist not only of increased marginal
productivity, but also of increased marginal utility and of increased regenerative
capacities of the natural environment. For a full characterization of the optimal
balanced growth path, including the mathematical formulae we refer to Hofkes
(1996).
The relationship between economic activity and the environment is character-
ized by 10 parameters. Table III gives a complete specification of the production
functions, the welfare function and the regeneration function (see Hofkes 1996, for
an extensive account of the chosen specification). The parameters are:
1. the weights of capital and environmental resources in the production
function (respectively α and (1 − α))
2. the weight of environmental quality in the production function (β)
3. the weight of capital in the knowledge function ()
4. the weight of environmental quality in the knowledge function (δ)
5. the weight of environmental quality in the social welfare function (φ)
6.+7. the impact-parameters of the regeneration function (γ1 and γ2)
8. the discount rate as indicator of time preference (θ)
9.+10. the efficiency constants of the production functions representing the state
of technology (!1 and !2).
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Table III. Model specification
Utility function: u(c, E) = ln(c·Eφ),
Regeneration function**: N(E,P (Q,A)) = −γ1P 2/E − γ2(E − E¯)2 + ",
with P = Q/A(1−−δ),
Final goods sector: Y = !1·KαYZ1−αY Eβ ,
Knowledge sector: H = !2·KHZδH
** E¯ and " are constants.
3.1. FIRST BEST
We will analyse the effects of three types of shocks in a first best economy:
a. A shock in the weight given to environmental quality in the welfare function
(φ);
b. A technology shock, i.e. a shock in the efficiency constant of the production
function, representing the state of technology (!1);
c. A shock in time preference of the consumers (θ).
Table IV gives the long-run optimal balanced growth solutions, while Table V
shows the immediate, short-run adjustments. Figures A.1 to A.8 represent the
adjustment paths towards the new steady states of various variables in the model,
resulting from the different shocks.
We see from Table IV that increased environmental concern (the weight given
to environmental quality in the welfare function is doubled) lowers the long-term
steady state growth rate, g. Increased marginal utility of environmental quality
gives an incentive to invest more in the natural environment, which requires a
reduction in pollution, which is achieved by a downward adjustment in the use
of environmental resources in production (see Table V). Decreased use of envi-
ronmental resources has an immediate effect on environmental quality under the
chosen specification of the regeneration function. In the short run environmental
quality improves and the growth rate of final good production increases (see
Figures A.5 and A.1). In the longer run, environmental quality stabilizes again,
growth tapers off and the economy stabilizes at a lower steady state growth rate
than in the benchmark. So, we have higher growth rates in the short term but
lower growth rates in the long term, while both in the short run and in the long
run the levels of production and consumption are lower and environmental quality
increases.
A positive technology shock in the final goods sector increases long-run growth,
while capital intensity of production decreases (Table IV). Increasing marginal
productivity due to the technology shock, leads to the allocation of more resources
to final goods production in the short run (Table V). However, as environmental
quality decreases, resources are pushed back into the knowledge sector (Figures
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Table IV. Balanced growth solutions
g Y/K A/K Q/K1−−δ P E u v
a. optimal
Benchmark* 6.74% 0.17 0.039 0.214 1.49 3.96 0.96 0.93
φ = 1.4 6.41% 0.17 0.038 0.193 1.37 4.38 0.96 0.93
!1 = 0.3 8.57% 0.20 0.046 0.236 1.51 3.89 0.95 0.92
θ = 0.02 9.38% 0.16 0.039 0.220 1.54 3.67 0.93 0.87
b. suboptimal
Benchmark* 5.43% 0.16 0.02 0.139 1.45 4.14 0.97 0.94
$A/K = 0.01 6.19% 0.17 0.03 0.180 1.47 4.04 0.96 0.93
Benchmark* 7.91% 0.19 0.065 0.3 1.55 3.55 0.96 0.92
$Q/K1−−δ = −0.05 7.27% 0.18 0.049 0.25 1.52 3.78 0.96 0.93
* φ = 0.7, α = 0.65, β = 0.001,  = 0.2, δ = 0.2, γ1 = 1, γ2 = 0.05, !1 = 0.25, !2 = 0.2, θ = 0.05,
E¯ = " = 1; g = gY = gC = gA = gK .
Table V. Relative initial change in the instrument variables
$C/K $A/K $Q/K1−−δ $u $v
a. optimal
φ = 1.4 −0.72 −9.01 −23.73 −0.08 −0.15
!1 = 0.3 4.70 27.88 20.41 0.26 0.48
θ = 0.02 −55.80 7.71 18.47 −2.91 −5.11
b. suboptimal
A/K = 0.03 −7.32 50.0 33.84 −0.11 −0.19
Q/K1−−δ = 0.25 26.45 −19.31 −16.67 0.13 0.23
φ = 0.7, α = 0.65, β = 0.001,  = 0.2, δ = 0.2, γ1 = 1, γ2 = 0.05, !1 = 0.25, !2 = 0.2, θ = 0.05,
E¯ = " = 1.
A.7 and A.8). Long run steady state growth rates improve, while environmental
quality (Figure A.5) stabilizes at a lower level due to an increased level of pollu-
tion (Figure A.6). Both in the short and in the long run levels of production and
consumption are higher.
Figures A.1 to A.8 show the effects of a decrease in the rate of time prefer-
ence of consumers. In the short run consumption is adjusted downward (Table V).
Consumers postpone present consumption to the future as a direct result of a lower
time preference. Physical capital accumulation increases and long run steady state
12 MARJAN W. HOFKES
Figure A.1.
Figure A.2.
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Figure A.3.
Figure A.4.
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Figure A.5.
Figure A.6.
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Figure A.7.
Figure A.8.
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growth rates increase. Pollution increases and environmental quality stabilizes at
a lower level. Though the level of consumption decreases in the short term, in the
long term the level of consumption is higher due to the increased growth rate.
3.2. SECOND BEST
The more realistic and hence more interesting case is to start from a situation in
which environmental policies are suboptimal, resulting in the use of too much
natural resources in production or in too low abatement expenditures. We will
first analyse the effects of government policies, which result in a decrease in the
use of natural resources in production. Generally, the government can either use a
price instrument, i.e. taxes on the use of natural resources, or a quantity instrument,
i.e. regulation (for example permits), to achieve a reduction in the use of natural
resources in production. We will assume that in the benchmark the use of natural
resources in production relative to physical capital is too high and we will analyse
the effects of a permanent negative shock in this relative use. In the benchmark the
use of natural resources in production is assumed to be constant relative to physical
capital. Welfare is maximized under the restriction of this relative constant use of
natural resources. The shock is implemented by setting the relative use to a new
(lower) constant level. Again welfare is maximized under the restriction of a (new)
constant relative use of natural resources. Subsequently, the adjustment path from
the old balanced growth path (with constant relative use of natural resources) to the
new balanced growth path (with new (lower) relative use of natural resources) is
derived.
It appears that a decrease in the relative use of natural resources results in lower
long-run growth rates, while environmental quality increases (see Table IV). In the
short-run growth rates decrease more than in the longer run (Figures B.1 and B.2).
Furthermore, in the short run consumption increases, due to decreased savings and
decreased abatement expenditures, but in the long run consumption decreases again
due to decreased production levels (Figure B.3).
A positive shock in the ratio of abatement expenditures to physical capital gives
reverse results. From Table IV we know the optimal ratio of abatement expendi-
tures to physical capital. We will assume that in the benchmark of the suboptimal
case this ratio is too low. It appears that increasing this ratio results in higher long
run growth rates. Though in the short run consumption decreases (see Table V), in
the long run the level of consumption is higher due to the increased growth rates
(see Figure C.3). Environmental quality decreases, as the use of natural resources
in production increases relatively faster than abatement expenditures grow. So,
although increased abatement expenditures go together with increased economic
growth, it is not the case that increased growth rates go together with increased
environmental quality. In fact we find the counter-intuitive result that the quality of
the environment decreases when the government increases abatement expenditures.
It should, however, be noted that in the benchmark of this suboptimal case envi-
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Figure B.1.
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ronmental quality is already higher than in the optimal case! The intuition behind
the result is that in the initial situation, when the government is underinvesting in
abatement, the economy as a whole is operating on a too low level: environmental
quality and economic growth are not optimally weighed against each other, given
the chosen specification of the welfare function. When the government increases
abatement expenditures, returns on natural resources increase, the economy is
stimulated and growth rates increase.
4. Concluding Remarks
In this paper we have analysed both the short term and the long term effects of
shocks in a model in which economic and ecological relations are fully integrated.
It appears that short run effects may differ substantially from long run effects
both with respect to levels and with respect to growth rates of various variables.
Increased growth rates in the short run may be accompanied by decreased growth
rates in the long run (case of a shock in preferences). So, in the short run growth
optimists may be right, while in the long run growth pessimists may be right. On
the other hand we saw in the case of a shock in time preference, that lower levels of
consumption in the short run can go together with higher levels of consumption in
the long run, in which case it seems to be the other way around, at first sight.
However, in the latter case, environmental quality decreases, while production
growth increases, both in the short and in the long run. So, in this case growth
pessimists are right.
In our model economic growth and environmental care can go together in the
sense that on the optimal balanced growth path production and consumption can
grow at positive rates, while the quality of the environment is maintained. This
result sustains the viewpoint of the growth optimists and is due to the fact that
knowledge of how to use natural resources efficiently is also continuously growing.
The fact that economic growth and environmental care can go together, when
optimally weighed against each other, does, however, not imply that increasing
growth rates can also go together with an increasing quality of the natural envi-
ronment. In fact it appears that, under the chosen specification, increased growth
rates, which result from a shock, go together with a lower quality of the natural
environment and vice versa.
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Notes
1. Subscripts attached to a function symbol denote partial derivatives.
2. Both the short run and the long run effects will be computed for the global (non-linear) version of
the model. So, we do not use (first-order) linear approximations. The advantage of our approach
is that we may look at large changes without the risk of making large approximation errors. It
will, however, be impossible to derive analytical solutions.
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